Three strains (14Y260 T , 14Y268 and 14Y276) of xylose-assimilating yeasts were isolated from decayed wood and soil collected in West Java in Indonesia. A phylogenetic analysis was performed based on the sequences of the D1/D2 domains of LSU, SSU and EF-1a, and the three strains were found to belong to the genus Pichia. The morphological, biochemical, physiological and chemotaxonomic characteristics indicated that these strains were distinct from other closely related species. Strains 14Y260 T , 14Y268 and 14Y276 belonged to the Pichia clade and represent a novel species, named Pichia chibodasensis sp. nov. ; The type strain is 14Y260 T (=NBRC 111569 T =InaCC Y1042 T ).
Plant biomass is one of the most renewable carbon resources and is composed of lignocelluloses that form the plant cell-wall. Lignocelluloses consist of lignin, hemicellulose and cellulose, and the typical compositions of the three components in various lignocellulosic materials have been compiled [1, 2] . For efficient conversion of lignocellulose to energy source or materials, utilization of hemicellulose which was the secondarycomponent of lignocellulose is an important problem.
Xylose which is included in hemicellulose as xylan is produced after saccharification of lignocellulose [3] . For utilization of xylose, many studies of fermentation, conversion to useful materials, or food production have been published [4] [5] [6] . Pachysolen tannophilus, Spathaspora arborariae, Spathaspora passalidarum and Candida tenuis, as well as several species of the genus Scheffersomyces (including Scheffersomyces stipitis and Scheffersomyces shehatae), are naturally occurring D-xylose-fermenting yeasts that are known to be ethanol producers [7, 8] . Many yeast species have the ability to assimilate D-xylose, and additional novel D-xylose-assimilating yeast species have subsequently been described, including Candida amazonensis, Candida cellulosicola, Wickerhamomyces xylosica, Candida phyaonensis and Wickerhamomyces arborarius [9] [10] [11] [12] .
We collected samples in Indonesia in which there is a high level of biodiversity, and isolated yeasts which can ferment or assimilate D-xylose for facilitating utilization of lignocellulose from plant biomass. In the present study, we describe three novel D-xylose-assimilating yeasts inhabiting rotten woods and soil in West Java, Indonesia. Phylogenetic analysis of their divergence was conducted on the basis of the D1/D2 domains of LSU rRNA, SSU rRNA, and the translation elongation factor-1 alpha (EF-1a). These data, together with an analysis of the physiological characteristics, indicated that the three isolated strains represent a novel species of the genus Pichia.
Three D-xylose-assimilating yeasts were isolated from different samples taken from decayed wood and soil collected in West Java, Indonesia (Table 1) The sequences of the D1/D2 domains of LSU, SSU and EF1a were determined from PCR products amplified using ExTaq (Takara Bio) and Mastercycler ep (Eppendorf) from genomic DNA that was extracted from yeast cells utilizing Prepman Ultra (Life Technologies). The standard primer pairs used for the amplification and sequencing of each gene are shown in Table S1 (available in the online Supplementary Material) [13, 14] . PCR products were purified using Agencourt AMPure XP (Beckman Coulter), and the sequencing reaction was performed using a BigDye Terminator version 3.1 Cycle Sequencing kit (Life Technologies). DNA fragments from the sequencing reactions were purified using Agencourt CleanSEQ (Beckman Coulter), and sequences were obtained using either an ABI PRISM 3130 or an ABI PRISM 3730xl Genetic Analyzer (Life Technologies) according to the manufacturer's instructions.
Pairwise comparisons of the sequences were carried out using BLASTN [15] . Alignments and phylogenetic trees were generated using MEGA5 software [16] . A phylogenetic tree was reconstructed from the evolutionary distance data using Kimura's two-parameter correction [17] based on the D1/ D2 domains of LSU and SSU and Poisson correction distance [18] based on EF-1a using three methods: neighbourjoining (NJ) [19] , maximum-likelihood (ML) [20] and maximum-parsimony (MP) [21] . Confidence levels of the clades were estimated from a bootstrap analysis (1000 replicates) [22] .
Physiological properties and morphological characteristics of the isolates were examined using current methods for yeast taxonomy studies [8] .
For analysis of D-xylose consumption, cells were cultivated in a 100 ml Erlenmeyer flask containing 20 ml D-xylose-YNB medium [4 % (w/v) D-xylose and 0.67 % (w/v) YNB] on a rotary shaker at 150 r.p.m. and 25 C, and culture broth (1 ml) was collected every 24 h. The cells were subsequently centrifuged at 14 000 g for 5 min. The supernatant (10 µl), which contained the remaining D-xylose, was labelled with 0.5 M 1-phenyl-3-methyl-5-pyrazolone (PMP) (50 µl) dissolved in methanol [23, 24] . The amount of labelled Dxylose was determined by analysis of PMP derivatives using liquid chromatography/mass spectrometry (LC/MS) [LC: Shimadzu Prominence series, MS: LCMS-2020, and column: Shim-pack FC-ODS 150Â2 mm (Shimadzu Co)] for measurement of absorption at 270 nm. This analysis was performed for two strains, isolate 14Y260
T and Scheffersomyces stipitis NBRC 1687 T as a positive control.
The sequences of the D1/D2 domains of LSU, SSU and EF1a from strains 14Y260 T , 14Y268 and 14Y276 were identical. In the phylogenetic tree based on the concatenated sequences of the D1/D2 domains of LSU, SSU and EF-1a, the isolates were placed in the Pichia clade, suggesting that the isolates belonged to a novel species (Fig. 1) . The genus Pichia was established in 1904 [25] and reconstructed with 20 species by multigene analysis [26] . Recently, four species have subsequently been included [27] [28] [29] [30] . Additionally, eight Candida species are known to be members of the Pichia clade [11, 26, [31] [32] [33] . The three novel isolates were classified as belonging to the Pichia clade in the concatenated tree but had low similarities with the other species of the genus Pichia. For example, when compared with the three most closely related species, Candida californica had nine nucleotide differences from 598 nt; Pichia membranifaciens had 22 nucleotide differences and seven gaps from 566 nt; and Pichia deserticola had 21 nucleotide differences from 559 nt. These data suggested that the three isolates all belonged to a novel yeast classified in the genus Pichia. Furthermore, the analyses of each gene sequence, including those of the D1/D2 domains of LSU, SSU and EF1a, showed similar results, indicating that the three isolates were indeed members of the Pichia clade but were not similar to the other species (Figs S1-S3).
The results from the physiological and chemotaxonomic tests showed that the new isolates were distinctly different from other species in the Pichia clade (Table S2) ) (Fig. S4) .
On the basis of the data presented above, the new isolates 14Y260 T , 14Y268 and 14Y276 are proposed to represent a novel species of the genus Pichia, named Pichia chibodasensis sp. nov., with strain 14Y260 T designated the type strain.
DESCRIPTION OF PICHIA CHIBODASENSIS KOBAYASHI, KANTI AND KAWASAKI, SP. NOV.
Pichia chibodasensis (chi.bo.das.en¢sis. N.L. fem. adj. chibodasensis, referring to Chibodas, the name of the city in Indonesia where the three strains were isolated).
MycoBank number: MB815864
After 2 days of culture on YMA at 25 C, colonies are cream, smooth, irregular and butyrous; the margin of colonies is erose, and cells are globose to sub-globose, 2.3-3.2Â2.9-6.1 µm. Budding is multilateral (Fig. 2a) . On YCBAS agar after 14 days at 25 C, pseudohyphae are only rudimentary without true hyphae (Fig. 2b) . Both urease activity and diazonium Blue B reactions are negative.
The type strain is 14Y260 T (=NBRC 111569 T =InaCC Y1042 T ) and was isolated from soil and decayed wood (unidentified tree) collected from the Chibodas botanic T and related species of Pichia and Candida in the Pichia clade. The phylogenetic tree was reconstructed from evolutionary distance data with Kimura's two-parameter correction [17] using the NJ method. Bootstrap values (%) >50 % from 1000 bootstrap replicates on the NJ, ML and MP trees are shown on branches in the order NJ/ML/MP; values indicating branches that were not found in the ML tree and/or MP tree are shown as '-'. All sequences were edited to the longest common region (2996 bp). GenBank accession numbers for D1/D2 domain of LSU, SSU and EF-1a sequences are given in that order in parentheses. Saccharomyces cerevisiae NRRL Y-12632
NT was used as an outgroup. Bar, 0.01 K nuc .
(a) (b) garden, West Java, Indonesia, in December 2014. The DNA G+C content is 38.3 mol%, and ubiquinone has mainly Q-7.
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